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1. Introduction 
The Gram-negative Flavobacterium R- 1560 [l] 
owes its very deep orange-brown colour to the pres- 
ence of large amounts of the carotenoid zeaxanthin 
@&carotene-3,3’-diol, I). In addition to zeaxanthin, 
a wide range of other carotenoids is present, in rela- 
tively small amounts [2]. Because of their unusual 
chromatographic properties and electronic absorption 
spectra, two of these compounds have been studied 
further, and their identification as 3-hydroxy-fl-zea- 
carotene (7’,8’-dihydro-&$-caroten-3-01, II) and 3- 
hydroxy-12’-apo-/3-caroten-12’4 (III) is reported. The 
natural occurrence of these carotenoids has not previ- 
ously been described, and the possible importance of 
3-hydroxy-/3-zeacarotene in relation to the biosynthe- 
sis of zeaxanthin in Flavobacterium R-l 560 is dis- 
cussed. 
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2. Methods 
Flavobacterium R-l 560 was grown aerobically, in 
the light, in a liquid medium containing glucose (1%) 
tryptone (I%), yeast extract (1%) MgSO, .7H2G 
(0.5%) and NaCl(3%). The pH was adjusted to 7.2 be- 
fore autoclaving. Cultures were grown in 100 ml me- 
dium in 500 ml conical flasks modified by three or 
four indentations to act as baffles to increase aeration 
of the cultures, which were incubated for 48 hr at 
28°C in a rotary shaking incubator. 
After harvesting by centrifugation, the cells were 
frozen and then thawed and mixed with a little water. 
The slurry was poured into cold (-40°C) acetone, 
with vigorous stirring. The cell debris was removed by 
filtration and re-extracted with acetone and methanol 
until colourless. The combined filtrate (deep orange) 
was evaporated to dryness under reduced pressure on 
a rotary evaporator below 45°C. The residue was dis- 
solved in light petroleum (b.p. 45°C) and the 
zeaxanthin that crystallized from this solution was re- 
moved by filtration. The mother liquor was evapo- 
rated and chromatographed on a column of neutral 
alumina (activity grade 3). After elution of less polar 
material with 20% diethyl ether in light petroleum, a 
fraction was eluted with 60% diethyl ether in light 
petroleum. This fraction, containing monohydroxyca- 
rotenoids, was chromatographed on thin layers of 
Silica gel G, with 50% diethyl ether in light petroleum 
as developing solvent. The two main bands, A (Rf 0.5) 
and B (Rf 0.3) were each rechromatographed on thin 
layers of MgO-Kieselgur G (1: 1) with 30% acetone in 
light petroleum as developing solvent. In this system, 
A separated into an orange-yellow band (Rf 0.7), lat- 
er identified [2] as /3-cryptoxanthin (/3,/3-caroten-3-01) 
and a lemon-yellow band (Rf 0.5). The latter, now 
identified as 3-hydroxy-/3-zeacarotene (II), was further 
purified by TLC on Silica gel G with 40% diethyl 
ether in light petroleum as developing solvent, before 
determination of its electronic absorption, proton 
magnetic resonance and mass spectra. On the MgO- 
Kieselgur G system, B also separated into two orange- 
yellow bands, the lower one (Rr 0.2) later being iden- 
tified [2] as /3-citraurin (3-hydroxy-8’-apo-fi-caroten- 
8’-al). The upper band (RI. 0.4), now identified as 3- 
hydroxy-12’-apo-/3-caroten-I 2’-al (III) was further pu- 
rified by TLC on Silica gel G with 60% diethyl ether 
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in light petroleum before determination of its elec- 
tronic absorption and mass spectra. 
The acetate of II was prepared by the acetic anhy- 
dride-pyridine method [3] and purified by TLC on 
Silica gel G with 12% diethyl ether in light petroleum 
as developing solvent. 
Electronic absorption spectra were determined, in 
ethanol, in a Unicam SP800 or Beckman DB-G spectro- 
photometer. 
Mass spectra were determined with an A.E.I. MS9 
or MS 12 instrument at an ion source temperature of 
22O”C, and ionizing voltage 70 eV, through the cour- 
tesy of Dr. W. Vetter, Mr. W. Meister and 
Mr. J. Ireland. 
90 MHz Fourier proton magnetic resonance spec- 
tra were determined in CDCl, on a Bruker Fourier 
Transform spectrometer, type HX 90/FFT with 
Fabritek computer 1083, through the courtesy of 
Dr. G. Englert. 
3. Results and discussion 
Two carotenoids with unusual chromatographic 
properties and electronic absorption spectra were iso- 
lated from Flavobacterium R-l 560, and have been 
characterized as 3-hydroxy-/3-zeacarotene (II) and 3- 
hydroxy-12’-ape-fl-caroten-12’-al (III). 
The former had an absorption spectrum identical 
to that of P-zeacarotene, with h max (ethanol) at 
405,428,453 nm, but had the chromatographic polar- 
ity of a monohydroxycarotenoid. This was confirmed 
by the formation of an acetate under standard condi- 
tions. The mass spectrum had the parent ion, M+ at 
m/e 554 (intensity 36%) as expected for 3-hydroxy- 
/3-zeacarotene (C,, H5* 0). The presence of a strong 
ion at m/e 417 (7%, M-137, metastable at m/e 314; 
41 72/554 = 3 13.9) due to cleavage of the his-allylic 
C-7’,8’ bond adjacent to the main polyene chromo- 
phore was consistent with the presence of the 7’,8’- 
dihydro acyclic end group as in /3-zeacarotene [4] and 
also showed that the hydroxyl group was not located 
in this part of the molecule. The presence of the hy- 
droxyl group was confirmed by the ion at m/e 536 
(M-H,O), and the low intensity of this (2%) indicated 
that the hydroxyl group occupied a non-allylic posi- 
tion, and was typical of a 3-hydroxy-&ring system. 
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The absence of ions at m/e 498 (M-56) and m/e 469 
(M-85) showed that no a-ring or hydroxylated acyclic 
end group was present. 
The electronic absorption and mass spectra were 
thus consistent with the structure 3-hydroxy-/3- 
zeacarotene (II) for this compound, and this was con- 
firmed by the proton magnetic resonance spectrum. 
This had signals at 1.07 ppm (6 protons) and 1.74 
ppm (3 protons) identical to those produced by the 
C-l and C-5 methyl groups of zeaxanthin [5] which 
therefore confirms the presence of the 3-hydroxy-/3- 
ring. Signals at 1.68 ppm (3 protons, C-l’ methyl), 
1.62 ppm (6 protons, C-l’ and C-5’ methyls) and 1.86 
ppm (3 protons, C-9’ methyl) were also obtained. 
These are virtually identical to the signals produced 
by the methyl groups in fl-zeacarotene [4] . The “in- 
chain” methyl groups at C-9,13,13’ gave a 9-proton 
signal at 1.96 ppm. The PMR spectrum thus con- 
firmed the structure as 3-hydroxy-/3-zeacarotene (II). 
The second compound had a rounded absorption 
spectrum, with hmax (ethanol) at 407 nm, which on 
reduction with NaBH, shifted rapidly to 355,377, 
393 nm. From this and its chromatographic properties, 
which indicated the presence of a hydroxyl group, this 
compound was identtijied as 3-hydroxy-12’-apo$- 
caroten-12’-al (III). The mass spectrum, which had the 
parent ion M+ at m/e 366 (loo%), and fragment ions 
at m/e 35 1 (2%, M-CH,) and 348 (2%, M-H20) was 
consistent with this structural assignment. 
The natural occurrence of III has not previously 
been reported. The biochemical significance of its 
presence is not known, but it appears to be present in 
old rather than young cultures, and may therefore be 
a partial breakdown product of zeaxanthin. 
3-Hydroxy-P-zeacarotene (II) has not previously 
been described but has now also been isolated from a 
mutant of the green alga Scenedesmus obliquus which 
accumulates c-carotene as its major carotenoid 
(R. Powls and G. Britton, unpublished results). 
The presence of II is interesting from a biosynthetic 
point of view. It is generally accepted that hydroxyla- 
tion occurs at a late stage in carotenoid biosynthesis, 
e.g. zeaxanthin is produced by hydroxylation of /3- 
carotene. In Flavobacterium an alternative pathway, 
lycopene + rubixanthin + zeaxanthin is also possible 
[6] . The isolation of II shows that cyclization and hy- 
droxylation can occur at an earlier stage, i.e. at the 
neurosporene level of desaturation, and may indicate 
the operation of another alternative pathway, neuro- 
sporene + II + rubixanthin -+ zeaxanthin. Alternative- 
ly, it may indicate that the cyclizing and hydroxyla- 
ting enzymes act on the carotenoid half-molecule, 
when this has reached the required level of desatura- 
tion, regardless of the nature of the other end of the 
molecule. 
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